Background and Purpose-Although oral anticoagulants (OACs) are highly effective in reducing stroke risk in atrial fibrillation, some patients still sustain stroke despite being on an OAC. Our aim was to identify the risk factors that contribute to stroke risk in atrial fibrillation, although patients were taking OACs in a clinical trial setting. Methods-We identified contemporary clinical trials that investigated OACs in patients with atrial fibrillation. Event rates per year from each study and pooled event rates and relative risks, all with a 95% confidence interval, were calculated. Statistical heterogeneity was assessed using the I 2 test. Results-Six trials were included in the meta-analysis, with a total of 58 883 patients randomized. Characteristics associated with a higher relative risk of stroke while on an OAC included age ≥75 years (relative risk, 
A trial fibrillation (AF) is the most common cardiac arrhythmia, with a lifetime risk for development of 1 in 4 when ≥40 years of age. 1 The presence of this arrhythmia is an independent risk factor for stroke/thromboembolism and death, 2, 3 with an estimated 5-fold higher risk. 4 The value of oral anticoagulation (whether as well-controlled adjusted dose warfarin, or one of the novel anticoagulants) in stroke prevention is well established and recommended in guidelines. 5, 6 Novel, or new, oral anticoagulants (OACs) may be preferred on the basis of clinical trial data, but clinical experience with these agents is still limited, and further information on their effect in clinical practice is needed, again as emphasized by recent guidelines. 5 Furthermore, there remain concerns of the effect of the new OAC drugs in several patient groups, such as the very elderly patients with multiple comorbidities, polypharmacy, and compliance issues, as well as concerns of their use in patients with renal impairment, who are excluded from the trials. 5 As long as these uncertainties exist, the vitamin K antagonists (VKA; eg, warfarin) will remain the first choice OAC drug for many physicians, especially primary care physicians, where many of these AF patients are treated.
Although OACs are highly effective in reducing the risk of stroke and mortality in AF, some patients still sustain stroke despite being on an OAC. In the original, now historical, trials of stroke prevention, the efficacy of warfarin in reducing stroke (by 64%) and mortality (by 26%) compared with placebo/ control may be underestimated because many strokes in the warfarin arm occurred when patients were not actually taking warfarin or were subtherapeutic. 7 Although the importance of good international normalized ratio control is emphasized 8 (as reflected by time in therapeutic range), it would be important to appreciate the risk factors that contribute to stroke risk in AF, although patients are taking OACs. Understanding these risk factors could help re-emphasize the clinical practice shift,
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which has been recommended to focus on better identification of truly low-risk patients with AF. 5, 9 Strokes can effectively be reduced by OAC, especially with novel OACs that offer some efficacy and safety benefits compared with warfarin. 10 Previous meta-analyses investigating the effect of warfarin in AF patients have looked at the effect in large heterogeneous groups of patients, with a wide spectrum of risk, as studied in their respective trials. 7 A recent meta-analysis of 8 randomized controlled trials (RCTs), investigating the safety and efficacy outcomes in AF patients treated with warfarin for stroke prevention, found that current use of warfarin was associated with a low rate of residual stroke or systemic embolism estimated to be 1.66% per year 11 ; however, not all subgroups of patients at risk despite OACs were studied. Also, their focus on older trials (ie, before 2000) compared with more contemporary trials (in the past decade) may be confounded by different standards of clinical care, including optimization of cardiovascular risk factors.
To address these concerns, we performed a systematic review of the clinical trial literature to find contemporary randomized trials that investigated antithrombotic therapy in patients with AF. We then performed a meta-analysis of the recent RCTs (published after 2002), with particular focus on the warfarin arm of each trial and investigated whether certain subgroups remained at high risk of stroke despite OAC treatment. Our objective was to identify the risk factors that still contributed to stroke/thromboembolic risk in AF, although the patients were taking OACs.
Methods
We performed a systematic computerized literature review of clinicaltrials.gov and the major databases (including Medline, Excerpta Medica Database [EMBASE], Cochrane, Cumulative Index to Nursing and Allied Health Literature [CINAHL], etc) to identify RCTs reporting the safety and efficacy of warfarin therapy in nonvalvular AF patients. MeSH words and keywords, such as warfarin, AF, VKAs, and RCTs, were coupled with words like stroke, systemic embolism, cerebrovascular accident, and transient ischemic attack.
Trials were included if they were in English and published during the past 10 years (2002-2012). The trials had to be phase III trials investigating warfarin as antithrombotic therapy in AF patients with the composite end point of stroke (ischemic or hemorrhagic) or systemic embolism. The studies had to include ≥400 patients to enable accurate assessment of event rates. Finally, the studies had to be fully published and include subgroup analyses from the warfarin arm of the study for the composite end point of stroke or systemic embolism.
Data Extraction
All the titles, their abstracts, and the full-text articles for potentially relevant studies selected, using the search strategy, were retrieved. The full-text articles were subsequently reviewed with a primary focus on subgroup analyses, inclusion criteria, study outcomes, and methodological quality. The data for each included study were extracted. In the trials in which only a total number of patients were given, it was assumed that half were treated with warfarin and half with the comparator. In studies comparing 3 regimens, it was assumed that one third were treated with warfarin. In the analyses in which a number of events were given in percentage instead of rates, it was assumed that the patients from each subgroup were followed up in what was given as the mean follow-up time. If no mean follow-up time was given, median follow-up time was used instead. The extracted data were reviewed for accuracy and validity by 2 researchers (I.E.A., T.F.O.) before being entered into statistical software for analyses.
Statistical Analyses
Results are given as events per 100 person years with a 95% confidence interval (CI). Pooled relative risks (RRs) are graphically presented in forest plots. Assessment of heterogeneity was achieved by comparing the inclusion and exclusion criteria and the minor differences in the design and conduct of the clinical trials. Betweenstudy heterogeneity was assessed using the I 2 test statistic, where I 2 >50% with P<0.05 implies significant heterogeneity. Fixed effect meta-analysis was used to calculate the pooled estimates if the I 2 test statistic did not imply statistically significant heterogeneity, otherwise the random-effect meta-analysis was used. Pooled RR estimates were only derived using studies where estimates for all strata in a subgroup were available.
For each study, exact 95% Poisson CIs were calculated for the respective outcome. A P<0.05 was considered statistically significant. Pooled estimates for the event rates and RRs were calculated using the metan function in STATA. STATA version 11.2 (Stata Corporation, College Station, TX) was used for the statistical analyses and generation of graphics.
Results
Our search identified 162 studies, of which 6 RCTs were finally included for this analysis (Figure 1) . Characteristics of the 6 included trials are shown in Table 1 . The majority of the trials studied AF patients with ≥1 stroke risk factors, with the exception of Rivaroxaban Once Daily Oral Direct Factor Xa Inhibitor Compared With Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF), which studied a higher risk population. All trials achieved an average time in therapeutic range of >62%, but with the ROCKET-AF trial being the exception (55%).
The studies finally included in our analysis were as follows: Stroke Prevention Using an Oral Thrombin Inhibitor in Atrial Fibrillation (SPORTIF III) 12 and (SPORTIF V), 13 Birmingham Atrial Fibrillation Treatment of the Aged (BAFTA), 14 Randomized Evaluation of Longterm Anticoagulant Therapy (RE-LY), 15 ROCKET-AF, 16 and finally Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE). 17 Studies excluded from the meta-analysis after full-text review are summarized in Table I in the online-only Data Supplement. Table 2 summarizes the RRs and event rates per 100 person-years (95% CI) of stroke or systemic embolism in the warfarin arm across trials stratified by subgroups. The overall rate of stroke or systemic embolism during VKA was low. Characteristics associated with a higher RR of stroke while on OACs included age ≥75 years (RR, When stratified by race, stroke rates in America and Europe on OACs were similar, but higher stroke rates in Asia were evident (1.70 [1.42-2.03]). Heart failure, hypertension, diabetes mellitus, and proton pump inhibitor use did not influence stroke rates on OACs. The RRs (95% CI) that reached statistical significance (except moderate renal impairment) are illustrated in Figure 2 .
Event rates in various subgroups while on OACs varied between 1.1% per year (normal renal function) and 2.74% per year (previous stroke/transient ischemic attack), although these rates are univariate comparisons with no adjustments for additional comorbidities in various subgroups. As expected, absolute event rates in the ROCKET-AF trial were generally higher than other trials (even when subdivided by subgroups), given the higher risk study population in that trial. For a histogram illustrating the event rates see Figure I in the onlineonly Data Supplement. to develop a risk assessment tool to flag up high-risk patients while on an OAC (in this case, warfarin). Our analysis also provides estimates of the absolute stroke rates during warfarin anticoagulation in the key subgroups; and, for example, even among the highest risk subgroup (previous stroke), the absolute stroke rate is only ≈2.5% per year.
It is known that age is a risk factor for stroke with a lifetime probability of suffering a stroke increasing steadily with 
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age. 4 At the same time, the risk of AF rises exponentially with increasing age. 18 As the population ages, a growing number of elderly patients with AF will be at risk of stroke. Indeed, age ≥75 years is considered as an independent risk factor for stroke in AF patients in stroke-risk stratification schemes (eg, CHADS 2 ). 19 Therefore, it was not a surprise that older age and higher CHADS 2 score in our analyses were associated with higher stroke rates. However, the higher risk associated with advancing age is not encapsulated with a dichotomization at 75 years. The stroke risk in AF rises dramatically already from the age 65 years and onward. 18 This aspect has been incorporated within the CHA 2 DS 2 -VASc score, 20 in which all patients at ≥75 years of age are classified as high-risk patients and thus, given 2 points, whereas the age category 65 to 74 years is also included as a clinically relevant nonmajor risk factor (scores 1 point). Because stroke risk increases with age, there is a potential greater net clinical benefit of OAC among elderly patients. 21, 22 Several studies investigating the risk of stroke in AF patients have found women to be at higher risk than men. [23] [24] [25] [26] [27] Two recently published large registry-based studies 25, 26 on nonanticoagulated patients found a significantly higher risk of stroke overall for women of 18% and 14%, respectively. Another study of 44 774 nonanticoagulated AF patients also found female sex to be a significant risk factor for stroke, although the risk was not independently increased in younger women (<65 years of age). 24 In contrast, Chao et al 23 found that nonanticoagulated female AF patients <65 years of age still had a higher rate of ischemic stroke than their male counterparts, but their study was focused on low-risk AF patients only, that is, males with a CHA 2 DS 2 -VASc score 0 and females with a CHA 2 DS 2 -VASc score 1. Our finding that females on OACs still had higher stroke rates than men is therefore in keeping with the majority findings of other studies showing the higher risk of stroke in females.
Previous stroke/transient ischemic attack has independently and consistently been associated with stroke in AF patients, as supported by the findings of our study. A large review, including 56 studies, recently concluded that some studies had up to 56% of all AF patients being treated with antiplatelet therapy only, and some studies had up to 48% who received no therapy at all, regardless of stroke risk level. 28 Indeed, only a median of 13% of patients at high risk received no therapy, whereas 30% of patients received antiplatelet therapy. This high-risk group is likely to include patients with a previous stroke/transient ischemic attack, and the study confirms that many of these patients are still undertreated.
In a substudy of the RE-LY trial, the effect of warfarin in VKA-naive patients was compared with the effect in VKAexperienced patients. 29 Similar results regarding stroke and systemic embolism, major bleeding, and intracranial bleeding were found in the 2 groups, indicating that the VKA naive status is probably not that important for the effect of OACs. Our study found, however, that VKA-naive patients entered into trials still had a significantly higher RR of thromboembolic events while on an OAC.
Both AF and chronic kidney are diseases associated with higher risk of stroke and systemic thromboembolism. [2] [3] [4] 30 However, the effect of OACs in patients with both these conditions is sparsely investigated. Olesen et al 31 recently showed that warfarin treatment was associated with a lower risk of stroke or systemic thromboembolism among AF patients with chronic kidney disease. The same conclusion was made by Hart et al 32 using patients with stage 3 chronic kidney disease participating in the Stroke Prevention in Atrial Fibrillation (SPAF) 3 trial. In the present study, both moderate and severe renal impairment was associated with significantly higher risks of stroke and systemic embolism for patients on OACs compared with patients with normal renal function. However, current stroke risk stratification schemes for AF patients are based on trials that exclude AF patients with severe renal impairment. 33 Large RCTs that assess the real risk/benefit of full-intensity anticoagulation in AF patients with renal impairment are clearly needed.
We found that previous aspirin use is associated with higher RR of stroke or systemic embolism. The indication for the patients to take aspirin is not known, and therefore we cannot (at least based on these results) determine whether it is the aspirin use itself that causes the higher risk or it is the fact that aspirin use may reflect other comorbidities, such as vascular disease, which is not recorded nor defined in many trials. However, it does not change the fact that previous aspirin use is associated with a higher risk of adverse events.
Many of the data on the clinical epidemiology of AF have been derived from published studies on predominantly white populations in North America or Europe. A few studies have found a lower prevalence of AF among Indo-Asians 34 and a lower incidence of AF in black compared with white populations. 35, 36 These findings are reflected in the general perception that Asians have lower stroke rates than whites. However, a recent review of 38 articles published outside North America or Europe concluded that AF is very much a global issue with a prevalence of AF ranging from 2.8% to 14% in the included hospital-based studies. 37 In our analysis, we show that stroke rates on OACs are evidently higher among Asian subjects. Clearly, high-quality epidemiological studies are required to improve understanding of the worldwide burden of AF and stroke in AF.
These identified risk factors for stroke while on OACs may be used to potentially consider the development of a risk assessment tool to identify high-risk patients while on an OAC (in this case, warfarin), and further study with patient-level data would help. The risk factors identified conform closely to the CHADS 2 /CHA 2 DS 2 -VASc scores, and thus, most of these individuals would be recommended anticoagulation. Although the risk scores may be useful, we need to first show which factors are associated with stroke even during warfarin therapy, as shown in the present analysis. The potential to flag up high-risk patients on OACs could involve improving the time in therapeutic (while on warfarin) or even the use of more efficacious novel OAC drugs.
Because alternatives to warfarin are available (dabigatran, rivaroxaban, apixaban) it would be relevant to identify warfarin-treated patients who may still be high risk and would benefit from different treatment strategies (both improved time in therapeutic range or other agents). Importantly, whether using such treatment strategies would actually improve the prognosis for these patients cannot be answered based on this analysis. The options of improved time in therapeutic range novel OACs, and more time with their general practitioner, for example, are possibilities; such a package of care intervention in high-risk subjects despite warfarin use would need to be tested in a prospective study.
Limitations
This meta-analysis addresses the primary end point of the 6 included trials. Given the data available on subgroups, some assumptions regarding exact number treated and follow-up time had to be made. Indeed, deviations from similarity are potentially confounding when compared in a meta-analysis. However, the end point was identical in all trials, except in BAFTA, where the end point besides disabling stroke and arterial embolism also included other intracranial hemorrhage, verified by brain imaging.
The strokes actually prevented by warfarin are likely to be mainly thromboembolic in nature and not hemorrhagic, and we have no information on the specific proportion of thromboembolic versus hemorrhagic strokes in the combined end point. Hence, our identified high-risk patients on warfarin may merely be composed of people at high risk for hemorrhagic strokes that are not prevented by warfarin.
In this analysis, we cannot account for time in therapeutic range variation within different subgroups, which would have an important bearing on event rates. In their respective trials, overall time spent in the therapeutic range varied from 55% to 68%. Indeed, predictors of stroke during warfarin anticoagulation could hypothetically be mainly predictors of anticoagulation control, but this possibility cannot be answered by this analysis because we did not have access to mean international normalized ratio values within subgroups. It is likely that higher rates of stroke among warfarin-treated patients are also reflective of poor international normalized ratio control, and this study could then help identify those AF patients who are difficult to keep within target international normalized ratio range and who may be targeted for OAC with one of the novel OACs. Importantly, this study does not provide evidence that these novel OACs will prove more effective among the specific high-risk subgroups.
Furthermore, differences in inclusion and exclusion criteria, patient population, and data collection methods may result in residual confounding and persisting heterogeneity. Indeed, the statistical technique somewhat assumes that patients entered in the trials were fairly comparable. Because the studies had broadly similar inclusion and exclusion criteria, the assumption may be reasonable. The aim of our study was to focus on VKA-treated patients, and further analyses would need to assess whether our observations may be extrapolated to the novel OACs.
Conclusion
We have shown that stroke rates are higher on OACs with some patient characteristics. The identified risk factors for stroke while on OACs could potentially be used to consider a risk assessment tool to flag up high-risk patients while on an OAC (in this case, warfarin). Whether these factors apply to the novel OACs is uncertain.
